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THE FRACTIOIIAL COAGULATIOII OF THE PROTEIDS OF LEA1T BEEF.
Historical.
Comparatively little research work has "been done on the
proteids of flesh, and the various investigators on the subject
have arrived at conclusions which are so contradictory and con-
fusing that our present knowledge of the chemistry of flesh pro-
teids is very incomplete and unsat lsfactor--.
1
As early as 1842, however, Bruecke began the study of
muscle from a chemical standpoint in his investigations of the
cause of "rigor mortis". He arrived at the conclusion that the
stiffening of the muscles of animals after death was partly due to
the coagulation of the blood and lymph contained in the vessels in
the muscle, but that by far the most powerful factor in the phe-
nomenon of rigor mortis was the spontaneous coagulation of the
albuminous substances contained in the fluids of the muscle itself.
Bruecke believed that this spontaneously coagulable substance was
the fibrinogen of the blood and that it was transferred unaltered
from the blood in the capillaries to the muscle plasma. The work
of Bruecke, although noteworthy as being the first on the subject,
was not particularly important, and it remained for Kiihne , in 1859
to lay the real foundation of our present knowledge of the chem-
istry of muscle, Kuhne isolated the plasma from frogs* muscles
by first running a weak sodium chloride solution through the blood
vessels of a recently killed frog in order to remove all traces of
blood and lymph from the muscles, and then squeezing the muscles
8
under a powerful press. The plasma obtained by this process was
a viscid, faintly yellowish, alkaline, spontaneously coagulable
fluid, the time necessary for coagulation depending on the temper-
ature of the liquid. It was found that the plasma coagulated only
very slowly at 0°C. but that it coagulated very quickly if heat
was applied. Thus, while the plasma coagulated In six hours at
12°, it required only a few seconds when heated to 40°. Kuhne
states that muscle plasma contains two prote ids , one coagulating
at 40°, and the other at 45°. He also discovered that when a
proteid was separated from the plasma, either by spontaneous or
by heat coagulation, the reaction of the liquid changed from al-
kaline to acid. It made no difference, he found, whether this
coagulation occurred in the muscle or in the plasma prepared from
it, for plasma obtained from muscles which had undergone rigor
mortis was always distinctly acid.
The next important investigator on the subject of pro-
teids was Halliburton. In 1883, he published the results of his
3
researches on the pro te ids of blood serum. He found that if the
blood serum of mammalian animals be saturated with MgS04, part of
the proteid is precipitated and part is left in solution. The
former fraction he calls serum globulin and the latter, serum
albumin. He further states that the serum globulin coagulates at
75° and that the serum albumin consists of three distinct albumins
which can be separated by fractional heat coagulation, and have the
following coagulation temperature; 70°, 77°, and 83°. The best
conditions for precipitation are reached, he says, when the serum
is distinctly acid. If it be alkaline, the precipitation,, if any,

2Is incomplete, and if the liquid is neutral or only faintly acid,
the decrease in acidity, due to coagulation, soon makes the serum
alkaline and the same effect is observed as if it were alkaline to
start with.
Halliburton also studied, in this connection, the pre-
cipitation of the proteids of blood by means of certain salts,
and. he arrived at the following conclusions:
-
(1) Serum globulin can be completely precipitated
by other salts than MgS04 , e.g. 11a 1I03 , IlaCgHgOg and Ha2C0 .
(2) MgSO^ completely precipitates fibrinogen.
(3) Certain salts completely precipitate all the
proteids of serum in an uncoagulated condition, e.g. KCgH^Og
and K
3
p 4 «
(4) Certain salts precipitate proteids in an in-
soluble form. CaCl
g
is an example of this class of salts.
Later on, Halliburton made a series of investigations on
muscle -olasma similar to those on blood serum. He' obtained the
4
plasma with which he worked from rabbits and he followed Kuhne's
method quite closely. He agreed with Kuhne that the muscle plasma
will not coagulate at temperatures below 0°, and he found that the
liquid expressed from muscles which had undergone rigor mortis, was
acid and not spontaneously coagulable. From his work with muscle
plasma, he arrived at the following conclusions:
-
(1) The admixture of neutral salts with muscle plasma
prevents its spontaneous coagulation.
(2) If the salted solution be diluted, coagulation will
take place.
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(3) With the exception of the formation of acid, which
takes place simultaneously with the clotting, the coagulation of
muscle plasma is closely similar to the formation of fibrin.
(4) The principal proteids of muscle plasma are
paramyosinogen, which coagulates at 47° and myosinogen coagulating
at 56°. These proteids are globulins and can be separated from
each other by fractional coagulation.
(5) The coagulation of the muscle plasma is mainly due
to the conversion of the soluble paramyosinogen and myosinogen
into the insoluble myosin and. myogen respectively.
(6) An extract of muscle prepared by digesting the
finely chopped muscle with dilute salt solutions (such as 10^
ITaOi, 5^ LlgSO^, or one half saturated ITagSO^) contains in solu-
tion all the proteids of the muscle plasma, and the solution is
quite similar in its properties to a salted plasma.
(7) IThen the spontaneously coagulated myosin is redis-
solved by a dilute salt solution, the myosin is reconverted into
paramyosinogen.
(8) The increase of acidity coincident with the separa-
tion of myosin is due to the formation of lactic acid through the
splitting up of the proteld molecule.
(9) The spontaneous coagulation of muscle plasma is due
to a ferment similar to the fibrin ferment and yet not identical
with it.
(10) Besides the paramyosinogen and myosinogen, there
are found in the plasma small quantities of other proteids. A
complete list of the proteids with their coagulation temperatures

4Is as follows :-
(a) paramyosinogen, 47°
(b) myosinogen, 56°
(c) myoglobulin, 63°
(d) albumin, 73°
(e) myoalbumose
(f) Haemoglobin
(g) Myohaemitln.
Llore recent than Halliburton's work are the investiga-
tions of Stewart and Sollman on "The Protelds of Muscle". The
authors prepared aqueous and saline extracts of muscle by treating
the finely chopped muscle with about five times its volume of the
extrahent, and filtering the liquid through paper. Stewart and
Sollman have exclusively shown the following points:
-
(1) Too much stress is not to be laid on any results
depending on the coagulation of protelds by heat.
(2) Contrary to Halliburton's statements, there are no
sharply defined temperatures of coagulation of the different pro-
telds.
(3) Fresh aqueous or saline extracts of muscle are
always acid or amphoteric.
(4) In extracts allowed to stand at a low temperature,
the acidity always Increases.
(5) Dialysis causes an increase of acidity coincident
with the precipitation of the globulin.
(6) After heat precipitation of paramyosinogen and
myosinogen, the acidity increases.
(7) The percentage of proteid content does not affect
its coagulation temperature.
i
5(8) Muscle heated to 40° for some tine, and then extract
ed, yields little or none of the low temperature coagulating sub-
stances
.
At this point in the article the authors give a summary
6
of Von Furth's work along this line.
(1) Paramyosinogen and myosinogen are precipitated very
quickly at 40° and more slowly at lower temperatures.
(2) This precipitate is insoluble in water and in salt
solutions.
(3) The formation of the precipitate is favored by many
organic substances.
Halliburton's "myosin ferment" belongs to this class of
compounds.
(4) Clotting of muscle extracts is not accompanied by
an increase in acidity.
(5) Paramyosinogen is precipitated by dilution.
(6) Paramyosinogen and myosinogen are precipitated by
acids
.
(7) Kuhne's and Halliburton's "myosin clot" is insoluble
in salt solutions.
(8) The serum from this clot contains considerable
paramyosinogen and myosinogen. Stewart and Soilman state that
they can verify from their own results (l)
, (2) , (6) and (7) of
the above.
Experimental. The description of the work done in this
laboratory will be taken up under two heads:- (I) The Acidity of
Flesh and (II) The Heat Coagulation of Proteids.

6I, THE ACIDITY OF FLESH.
All meat, which is used for food, in-so-much as it is
muscle which has undergone rigor mortis, reacts distinctly acid,
and its acidity can be determined by titrating with an alkali
solution, using a suitable indicator. In studying the acidity of
flesh it was desired to determine the acidity (a) of aqueous
extracts, (b) of the insoluble meat residue, and (c) of the fresh
meat itself.
The aqueous extracts used in these investigations were
prepared as follows:- A quantity of lean beef from which all bone
fat, and connective tissue had been carefully removed, was ground
up quite fine by running the meat several times through a meat
chopper, with thorough mixing between each grinding. The meat
was then placed in a large Jar and intimately mixed with two or
three times its volume of nitrogen free ice water. The mixture
was squeezed through cheesecloth until as much as possible of the
liquid part of the party mass was squeezed out of the meat, and
was then divided into a number of portions depending on t he quanti
ty to be handled. Cold water was added to llo. 1, the mixture
squeezed until as dry as possible in a cheesecloth filter and the
liquid coming through, mixed with !To. 2, and finally carried on
down to the last one of the series. Water was thus being contin-
ually added to No. 1 and the strong extract taken off at the other
end of the series. The extraction was continued until the liquid
coming through the cheesecloth would give no reaction for proteid.
By following this method we were able to obtain a complete extrac-

7tion of the muscle with a comparatively small amount of water.
The liquid obtained was filtered through paper and the clear
fitrate used for experimental work. The water extracts obtained
were clear blood-red solutions and the meat residue was a white
fibrous mass, which, when dried by washing with alcohol and ether,
bore a striking resemblance to ordinary asbestos.
The total acidity of the water extracts was determined
by diluting about 10 c.c. of the extract with water until the
color became quite pale, and then titrating with an Il/lO KOH so-
lution, using phenolphthalein as an indicator. The results ob-
tained in the titration are shown in Table I.
Lab. llo. Kind of Meat
Ant. of
meat
Vol. of
extract.
H/lO KOH
for 100 c. c
.
% of
acidity.
306 Beef Round 1669 10,000 16.54 .83
311 Beef Round 4368 20,000 15.58 .66
302 Beef Round 1536 11,000 12.19 .76
500 Beef, Llixed 37000 63,000 .42
510 Beef, Mixed 29000 71,000 .66
317 Beef Round 1361 4,700 .53
7
The acidity of flesh i s due to three class es of sub
-
stances: :Inorganic salts such as KH PO.;
2 4'
organic acids such as
lactic acid; and the prate ids themselves. The values given in the
extreme right hand column of Table I are the percentages of acidity
calculated in terms of lactic acid. It can be seen from the data
given, that the acidity of flesh is not at all constant. It de-
pends, among other things, on the length of time the meat stands

8before it is extracted. Thus Ho. 500 which was prepared from
meat which had stood only forty-eight hours before being extracted
was less acid than 510 which was made from meat from the same ani-
aml, which had been held at a temperature of a few degrees above
zero for sixteen days. The acidity of the water extracts also
changes upon standing, and to show this change, the following ex-
periment was performed. Two or three litres of an aqueous ex-
tract was placed in a large flask and left at room temperature
for several days. The first day, the acidity expressed in the
number of c.c. of ll/lO KOH necessary to neutralize 10 c.c. of
extract, was 1.39. Titration of the extract, the next day, showed
that the acidity had risen to 1.76, but. after that it steadily
fell. Putrefaction was noticeable soon after the acidity reached
a maximum. It seems that lactic acid is constantly being formed
in the aqueous extracts and thus the acidity increases until the
formation of bases due to putrefaction more than neutralises the
acid being formed, when the acidity begins to fall. See Table II.
Table II. Change of acidity of water extracts on standing.
c.c. 11/10 KOH c.c.IT/10 KOH
Time of titrating for 100 c.c. Remarks for 100 c.c. Remarks.
1.71
1.35
2.36
2.22 Putrid.
1.81
.49
.45
7/10 3: oo P.M. 1.39 Orig. Ext.
7/11 5:30 P.M. 1.76
7/12 8:00 A.;:. 1.70 Putrid
7/12 2:00 P.M. 1.53
7/13 9:00 A.M. 1.53
7/14 10:00 A.M. 1.11
7/15 1:00 P.M. 1.02 Very putrid
7/17 10:30 A.M. .74
7/19 2:00 P.M. .51 ITH,given off
7/21 8:00 A ,M . .25 °

9The determination of the acidity of the insoluble meat
residue was found not to be quite so simple a matter as the titra
tlon of the extracts. If a little of the residue was stirred up
with water, and the mixture titrated with a KOH solution, it was
found to be impossible to get a sharp end reaction, for, after
a little XOH had been added, the red phenolphthalein color would
appear and then slowly fade away. The following method of titra-
tion was finally adopted and it gave quite good results. A
weighed portion of the meat residue was placed in a glass-stopper
ed cylinder and a large excess of alkali added. This mixture
was thoroughly shaken up and allowed to stand several hours with
an occasional shaking. The most of the proteids had by this time
gone into solution. The solution was next diluted to exactly
250 c.c. and aliquot portions of the filtered liquid titrated to
neutrality with IT/lO HC1. Several titrations were also made
using the clear supernatant liquid. The acidity of fresh meat
was also determined .by proceeding in a similar manner. The re-
sults obtained with the residues and meat are shown In Tables
III and IV.
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II. HEAT C0AGULATI01T OF SOLUBLE BEEF PROTEIDS.
Coagulation of Protelds of Muscle Soluble in_ Gold
Vfoter.— A cold .water extract of beef was prepared as described
above, page 8 , from beef round taken from a fat export steer.
Part of this extract, representing seven and one half pounds of
meat, was completely coagulated by heating on a water bath until
the liquid had evaporated to one half of its original volume. The
first sign of coagulation was noticed when the temperature of the
liquid was a little below 50° and the coagulum at this point was
nearly white. It gradually darkened in color, however, as the
temperature rose, and the portion precipitating about 80° was of
a reddish brown color. The coagulum was filtered off, washed
well with hot water and dried by washing with alcohol and. ether,
and allowing to stand in the air spread out over filter paper.
The product obtained was a dark brown powder and represents the
total coagulable proteld of the water extract. It was given lab-
oratory number 101 and upon analysis gave the following average
results:- nitrogen, 15.85j sulphur, 0.98; ash, 1.05.
Methods of Analysis.
(a) Ilitrogen. llitrogen was determined by the Sherman
8
modification of the Gunning Modification of the Kjeldahl method.
Triplicate samples of about two hundred milligrams of proteld were
weighed out into 500 c.c. Kjeldahl flasks and digested over a free
flame with 25 c.c. con. H SO
,
0.7 grams of mercury, and 10 grams
KgSO^, for about three hours. The clear and colorless liquid,
after cooling, was treated with 250 c.c. of nitrogen free dis-
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tilled water and 80 c.c. of a ITaOII and K^S solution containing
600 grains ITaOII and 12.5 grans K S per liter. The flasks after
being connected to a block tin condenser wre heated over the free
flame of a Bunsen Burner and the 1TH distilled over into an excess
3
of standard HC1 solution. When 200 c.c. of the distillate had
been collected, It was titrated against a standard ITH„ solution
o
using cochineal as an indicator. The nitrogen in the sample of
proteid taken could then be computed from the amount of EG1 neu-
tralized.
Sulphur - The determination of sulphur in the products
prepared were made according to a modification of Osborne 1 s
9
Method. About 10 grams of sulphur free sodium peroxide was placed
in a nickle crucible of approximately 300 c.c. capacity and treat-
ed with enough water to completely decompose it. The crucible
and contents were then heated over an alcohol burner until upon
cooling, the alkali would be a soft and yet perfectly dry mass.
This point was reached when a slight film had begun to form on the
surface of the liquid around the edges of the crucible. The con-
tents of the crucible were allowed to cool partially and the
weighed sample of proteid—about 2% grans—was added and heat ap-
plied very slowly until the volatile products were completely
driven off. When this point was reached, as was shown by the black
carbonaceous scum appearing on the surface of the liquid, sodium
peroxide was added cautiously and in small portions until further
addition of the peroxide no longer caused any further reaction.
In case the sodium peroxide caused a flashing or snapping, the
mixture had not been heated long enough and it should be heated
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further before treating it with sodium peroxide. To complete
the combustion, the crucible and its contents were raised to a
red heat. The cooled melt was dissolved out of the crucible with
hot water and hydrochloric acid, and the whole solution strongly
acidified with HC1, boiled until all chlorine is expelled, filter-
ed, evaporated to about 400 c.c, neutralized with ITII^OH, acidified
with 4 c.c. of EC1, and the sulphate precipitated by the addition
of the proper amount of a Ba01 solution.
Fractional Coagulation .
Preliminary experiments with fractional coagulation
have shown that in coagulating a portion of a water extract,
slimy turbid solution which will filter only with difficulty, are
obtained unless, before heating the extract, its acidity is re-
duced by the addition of a certain amount of an alkali solution.
The general method fol3owed in obtaining fractional coagula of
aqueous extracts of flesh is as follows: A portion of a water ex-
tract of a sample of beef was partially neutralized by adding e-
nough of a KOH solution to reduce the acidity about one half. The
llqaid was then placed in large flasks in a good sized bath filled
with water. The temperature of this bath was then raised to the
temperature at which it was desired to make the first coagulation
and held at that temperature for three or four hours. The con-
tents of the flasks were then filtered and put back again in
flasks which were placed in the bath and held at the same tempera-
ture for about two hours. If, at the end of this time, no further
coagulation had taken place, the temperature was raised to the
point where the second fraction was to be taken out. If, on the
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other hand, a precipitate or a turbidity was visible in the
liquid, it was heated a few hours longer and then filtered, and
the heating and filtering continued until no further precipitation
was observed upon heating the solution for two or three hours.
This process was repeated, for each temperature at which a fraction-
al precipitation was to be made.
It was first desired to investigate the composition
and properties of the different fractional coagula of a water ex-
tract of flesh. For this purpose, a water extract was prepared
as previously described, from carefully selected and well-ground
loan beef from round of a prime export steer. The weight of the
meat used was 1587 grams and 11 litres of extract were obtained.
The meat contained 26.30$ of water free substance and the acidity
of the extract was 0.75$ calculated as lactic acid. Enough of a
standard solution of KOH was added to reduce the acidity to 0.34$
This partial neutralization, as usual, produced a precipitation of
proteid. The precipitate was nearly white and when removed by
filtration, washed with water, then with alcohol and finally with
ether, and then dried at 104°, weighed 3.8071 grams. It was given
laboratory ITo. 302 a, and contained 16.44$ nitrogen and 1.10$
sulphur.
The filtrate from the above was heated for two hours at
o
50 and the resulting coagulum removed by filtration and washed
and. dried as usual. It was given laboratory l!o.302 b, weighed
7.6707 grams and contained 16.31$ nitrogen and 1.13$ sulphur.
The filtrate from the above precipitate was heated, for
two hours at 50°. An additional coagulum formed, which was nearly
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white in color, weighed 3.6866 grains , was labeled 302 c.
and contained 16.05$ nitrogen and 1.12$ sulphur.
The filtrate from 302 c tfas again heated for two hours
at 50°. A nearly white coagulum again was formed and was filter-
ed out and washed and dried. It weighed 3.9308 grams, contained
16.46$ nitrogen and 1.06$ sulphur, and was labeled 302 d. The
precipitation of the three fractions 302 b, 302 c, and 302 d causec.
an increase of the acidity of the solution of 80$. The acidity
was reduced again to .34$ calculated as lactic acid, by the ad-
dition of the proper amount of a standard KOH solution. This
partial neutralization caused a slight precipitation of a light
gray proteid which was given laboratory ITo. 302 e, weighed
1.3058 grams and contained 16.09$ nitrogen. The quantity of pro-
teid was so small that a sulphur determination could not well be
made.
The filtrate from 302 e was heated for four hours at 50°
A small quantity of a pinkish white coagulum was formed. Its
weight was 1.400 grams and on analysis was found to contain 16.09$
nitrogen. It was labeled 302 f.
The temperature of the filtrate from 302 f was held
four hours at 75°. A large quantity of a grayish-white coagulum
was formed. This fraction (No. 302 g) weighed 17.2103 grams, and
contained 16.54$ nitrogen and 1.02$ sulphur. Upon heating the
o
filtrate from 302 g. again for four hours at 75 , a small amount
of dark brown coagulum resulted (l7o. 302 h) . Its weight was
0.9451 grams, and its percentage content of nitrogen was found to
be 16.22. The filtrate from this last coagulum was heated for
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eight hours at a temperature varying from 85° to 90°, and 5.330
grams of a brick red coagulum was formed. It was given laboratory
No. 302 i and contained 16.44$ nitrogen and 0.62$ sulphur.
The filtrate from 302 i was completely neutralized with
KOH and heated several hours on a water bath. A very small
amount of a light colored flocculent precipitate formed in a short
o
time and ?hen dried to constant weight at 104 weighed 0,2160
grams. It contained 2.91$ nitrogen and was given laboratory ITo.
302 J.
In another experiment, a water extract was prepared from
37 kilograms of meat taken from various parts of an eighteen months
old Hereford steer. Sixty-eight liters of aqueous extract were
obtained and its acidity was 0.42$. The clear filtered extract
was treated with enough KOH solution to reduce the acidity to one
half its original acidity and the coagulum produced filtered off,
washed and dried by the usual methods. It was labeled 501 and
contained 16.34$ nitrogen, 1.07$ sulphur and 1,20$ ash.
The filtrate was heated at 50° until no further coagula-
tion took place. This required about 20 hours. The coagulum
formed (llo. 502) was of a grayish white color and contained 16.40$
nitrogen
, 1.05$ sulphur and 0.57$ ash. The filtrate from this
coagulum was next heated to 75° for 10 hours. The precipated
proteid which was brown in color, was given laboratory llo. 503 and
analysis showed that it contained 16.56$ nitrogen, 1.08$ sulphur
and. 0.58$ ash. Upon heating the filtrate from 503 at 85° for 5
hours, a brick red coagulum was produced. It was labeled 504
and. analysis showed it to contain 16.44$ nitrogen, 0.78$ sulphur
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and 0.65$ ash. The filtrate fron this coagulum was concentrated
on a water bath to about 5 liters, whereupon a sticky substance
separated out, which was called 505 and contained 6.21$ nitrogen.
Similar coagula were obtained from another extract pre-
pared from 29 kilograms of meat taken from the same side of the
same animal from which ITo. 500 was removed. The meat used for
this extract, however, had been kept at a temperature a few degrees
above zero for 16 days after the animal was killed. The neutral-
ization precipitate (511) gave upon analysis: nitrogen 16.48$;
sulphur, 1.05$; and ash 1.57. The coagulum obtained by heating
about 20 hours at 60° was labeled 512 and contained 17.14$ nitrogen
1.01$ sulphur, and 0.29$ ash. Another coagula was obtained by
ohearing for about 15 hours at 70 . It was light brown in color,
was given laboratory number 513 and contained 16.44$ nitrogen,
1.01$ sulphur and 1.11$ ash. The filtrated from 513 was heated
at 85° for five hours. The resulting coagulum, No. 515, like 504
was of a brick red color. It contained 15.96$ nitrogen, 0.89$
sulphur and 3.36$ ash. The residue resulting from concentration
(516) was, as was 505, a gummy sticky mass. Its percentage of
nitrogen was 13.35.
In all coagulations, the color of the liquid gradually
lightens after a temperature of about 70° is reached. The color
does not entirely disappear, however, and the liquid after all
coagulable proteid has been removed, becomes dark brown in color
when concentrated.
For summary of results of analysis of the products
prepared, see Table V.
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t— CfC/- SvLJ- A 3 C A* A B C A\/. A 3 Ax
^50/ /6.2.0 ;e>4& /6.07 I(d.25 / 07 /.o& /.Of t'07 /./9 1.20 72
S1O4&. 1630
-ssz
/6>65 /&&& /(oil 0.39 /\oz /.cG> /OZ O.SB OSb 0.57
/6.S4 /6.f£> /6.*2 /(o.&l /Ob /.0 9 /.oa /,o& 0.54 0(b/ o.5&
*CO A- ib./e> J I /O I3SZ Jb(o4- 0.77 0.&0 0.73 078 0p4 0.65 0.65
305"
&// Z6.74- /sol /e>zi ik.32 //p /.04- /.OS / 05 /.54 /.S9 / 57
S/2 /S.4Z n.69 / 7.10 MoJG 1.39 1.05 I.O z 10 4 o30 0.23> 0.Z9
S/3 /bft-O Ib.5b /(d.U /&.4-1 /.ot /.O/ /.OZ / II I.IO III
£/& /597 /<b.o£ /5.9(d o.So 0.85 0.39 630 337 3.34- 3.3d>
/33& 1333 /4JO I3.3b> f3lZ /4.03 Z3.33
I4.4-2 /4-.I7 /3&/ 14.Zo loo 101 0.42 0.4
J
/&40 //b.5<b /e>3# /<p44- /JO /JO /. 10
3o2 6 /<bZ7 /b.ze /<tt99 l(s.3l /-/4 U3 A/4
/&o9 /4.S2 /6.00 1537 Ul /.IZ 1.12
/6.7l /fo&h /<b4-7 ito.54- J.07 /.OG> 1.01
302 e /ftoo /<p.o9 / (0.4-2
3oZ f /S.32. /S.bG>
302 a /&JO /(b.52. I(p.54- /.OZ /.OZ /.OZ
/6.34- /e/o /s.3& i&.zz
3oz / /6>.GO /6.30 /(,44 OM OfoZ
30lj 2.9/ 131
30/ IbZb /b44- JbZl l(s>$l /.CO /.00 /oo
2 03 l(oJ3 /J(p3 /593 /6.03 /o5 /.o5 JOS 07/ 0.6& 0.70
S/4- J<b.]4- /b.bB Jb.lZ lb 10 0.9 6 33 /.93 1 33
/o/ 15*5 /JM /S.7<* 15.1(o 0.93 0.07 0.38 /OJ /04 /O&
m
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INFLUENCE OF ACIDITY Oil FRACTIONAL COAGULATION.
In connection with the work on fractional coagulation
of aqueous extracts, it was desired to investigate the influence
of acidity on the phenomena of heat coagulation. In previous work
along this line, Grindley and EmmetiPhave shown that the degree
of acidity of a water extract of flesh has a marked effect on
the heat coagulation of the proteids held in solution.
The following experiment shows the results obtained in
investigating the influence of acidity on fractional coagulation.
A water extract was prepared by the usual method from 1701 grams
of beef round taken from a three year old heifer. The total
volume of the extract was 10 liters, but only 4 liters of the
first and most concentrated portion of the extract was used for
this experiment. Upon analysis, 100 c.c. of the water extract
was found to contain 1.8964 grams of total solids and 0.2498 grams
of nitrogen. Fifteen samples of 200 c.c. of the liquid (5 series
of 3 each) were measured out into Xjeldahl flasks. The acidity
of the three samples marked A was not changed. The next three
samples were marked B and enough alkali was added to them to re-
duce the acidity one fourth. C and D \*/ere similarly treated,
their acidity being reduced respectively one half and three fourths
while the three samples marked E were completely neutralized,
phenolphthalein being used as an indicator. In each case where
alkali was added, a white precipitate collected at the bottom of
the flasks. This coagula-like material was filtered off, washed
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well with hot water, put back in the flasks, and the total nitrogen
then determined. The precipitates in B and C filtered rapidly
and easily, but the D's filtered only fairly well, while the E's
filtered quite slowly. The apparent amount of the precipitate
seemed to be larger when the amount of alkali added was the
greatest.
The filtrates from this precipitation were collected in
Kjeldahl flasks, and together with the A*s were treated as follows:
(1) They were heated for 2 hours at 50°. The samples
A, gave slimy, turbid solutions, which required 12 hours to
filter and wash. 3, C and D all filtered rapidly, while the E*s
filtered rather slowly but gave clear filtration.
(2) The filtrates from (l) were again heated for 2 hours
at 50°. All filtered well except the A f s which were still slimy
and slow in filtering.
(3) The solutions were further heated at 50° for 2 hours
then (4) at 50° for 4 hours and then (5) at the same temperature
for 5^ hours, with filtration after each period of heating.
(6) They were then heated for 2 hours at 60° and (7)
for 4 hours at this temperature and (8) again for 4-jr hours at this
temperature. Next, (9) they were heated at 70° for 3 hours and
again for 3 hours more at this temperature but as no coagulum
formed, the temperature was raised to 80° (10) and kept at that
point for three hours.
The solutions were next (ll) heated to boiling for three
hours. They were then (12) concentrated to about 50 c.c. ch,
and the resulting precipitates filtered out. The filtrates from
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the above were diluted to a definite volume and aliquot portions
taken for the determination of (13) albumones
, (14) peptones and
(15) total nitrogen in the solution. The extractive nitrogen
could then be calculated from the data obtained. A summary of
the results obtained can be seen from Table VI.
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TABLE. VI- IN FLUE-NCE. OF ACIDITY ON COAGULATION
< ft
>1 ^ 1l 1" M
A//troye.r? o&S-a/ned \ \ ^ IN ^ X n
By add/ fro n of a/ka/j
3y Caaju/af/on at SO*
£Zy Coaju/af/on c*f 6o*
/3y Coajt//af/on af 70°
j9y c<7aj,<//af/on at
&y coajv/ah'o/7 af 36'
~Tofa/ 6y coaji/Mi/on
&y cor?centra//or?
Tofa/ r?/froyen 6y so/nrnai
/Resu/Ts expressed myrams of n/tfoyer? /r? total extract, 4-OOocc
/V.&. Ia" was r?ec/fra//z.ear offer /?aaf/r?y to SO°.
0.S47 0099 0.24O 0469 O £14-
Z. 768 2.497 1.277 2.4-73 2HS
OSS 7 / 734 1302 /.S28 1233
0.233 0. 4-°4- D.2S& 0.2SO 7
0-932 O. 721 0.873 0.734 O.660 3
0. 066 0.233 0. 762 0/06 o./oe 39
4-. 677 5. 738 36/8 5/6S S.030
0024 0.033 0.066 0/11 0. /77
0.2S'/ 0.323 0.724- 0.697 OS^o
3.S30 3 778 3 541 3.S04- 3-333
S.oBS 3.983 /o. /9C 3946 9. 9S4-
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AMMOHIUM SULPHATE EXTRACTS.
Preliminary experiments with- the meat residues from
aqueous extraction (see page 7 ) have showed (l) that a consid-
erable portion of the residue is soluble in dilute salt solutions
and (2) that it is possible to completely extract the residue by
repeated treatment with the solution. Quantitative determinations
show that a 10$ (1JH )_ SO solution, if allowed to act on a meat'424
residue left after completely extracting the raw meat with cold
water, dissolves about 3^ of proteid calculated on a basis of the
fresh sub stance
.
Various meat residues left after the preparation of
water extracts used in the experiments described above, were ex-
tracted with a 10/S (Nil ) SO solution in much the same way that4 2 4
a water extract was prepared. Thick, rather syrupy solutions were
obtained, which, when carefully strained through cheesecloth were
still somewhat turbid and would not filter through paper, when
the solutions were allowed to stand over night (in a cool place,
to prevent putrefaction) , a grayish white flocculent precipitate
began to settle out and slowly settle to the bottom of the vessel
in a spongy mass which gradually became more compact on standing.
After this precipitate had separated out, the solution could be
filtered quite easily through paper, and a clear solution obtained.
The precipitate formed was washed with hot water until sulphur free
and dried In the usual manner. Three different samples of this
proteid have been prepared. One, ITo. 110, contains 14. 52^1 nltro-
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gen, 1.60$ sulphur and 0.91$ ash. Another 308 b contains 15.15$
nitrogen and 1.60$ sulphur and the third 5071 contains 13.18$
nitrogen, 1.88$ sulphur and 0.42$ ash. This latter preparation
was found, upon analysis to contain 13.7$ fat, and an analysis
of the proteid after it had "been freed from fat by extraction
with ether, showed it to contain 2.13$ sulphur. The percent of
sulphur found in the proteid before extraction with ether (1,88)
reduced to the basis of the fat free substance equals 2.13$ .
In working with the clear filtered ammonium sulphate
extracts, it was found that fractional coagula could be prepared
from them as from aqueous extracts. To show this, a portion of
an ammonium sulphate extract was heated for 10 days at a constant
temperature of 50 , the coagula formed being removed each day by
filtration. Small quantities of a nearly white coagula continued
to form as long as it was heated. The various coagula were com-
bined, and v/ashed and dried as usual, and the product given lab-
oratory Ho. 130.. The temperature of the filtrate was held at 60°
for some time. A quantity of a white coagulum, too small in
amount to analize, was formed. The liquid was next raised to
the boiling point and held at that temperature for a short time,
and a relatively large quantity of a white coagulum separated out.
It was filtered off, washed and dried, and given laboratory
number 131
.
Various samples of complete coagula were also obtained
by the clear filtered extracts to boiling for an hour or two. The
resulting coagula were washed and dried as usual. The analysis
of the products prepared gave the following results:- ITo. 109,
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nitrogen 15.44$, sulphur 2.25$, ash 0.26$; Ho. 308 a, nitrogen
15.83$, sulphur 1.82; Ho. 130, nitrogen 15.94$; No. 131, nitrogen
15.11$; No. 506, nitrogen 15.94$, sulphur 1.62$, ash 0.67$. For
summary of results of analyses of the different coagula of ammon-
ium sulphate extracts prepared as above, see Table VII. The
results of the analysis of the various meat residues are also in-
cluded in this table. In Table VIII, the results of analyses of
all compounds prepared are summarized.
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TABLE. VII- COMPOSITION OF (NHJ^SO,. EXTRACT COAGULA.
/i///roye n -pcrc&nt S u/phur-pesce-nf Ash -joc^c&nf.
/Yo. 3 A* 3 C A s4v.
/JT.7& /6V7 /S.&7 /S.&3 /.6 2 /.S2. /.(o3 0.6© 0.6:5" O07
S07 73.3-5 t'3.07 /3- J3 /3.I& /.e>6> A&9 1.6 & 04-2- Of*-
1
O 42
I. /<£ 2.11 2 14
7o9 J3T*o 7S.4S ZZ* Z.Z(o OZ1 0.2 b
no /S.52 /.(*/ 7.60 o.ed O 33 037
/- £>t 7.33 7&3 02./ 0.2-7 C.ZI
3oe>b A&O /.<bO / 60
73O 90 OA1 08 3
737 7 4-J3 /J. /I
3070
2. 14- 7634- /(b.Ot /6.^3 7.Q9 7JO //o O3o 0.23 0.2 3

TABLE Vlil- <sl IMMARY r^r DP CI ilTC Or ANALYSIS.
//jA A/r> A/a % So/p/?(/r- % A±sn
J/& /33w I3.8&
/O/ /3.7b 0.33 /.o3
/C9 1 X' /L X/O. H-3 O.ZQ
//o /43~2 /• 6>o 0.9/
/JO o.&3
/3/ /SJt
2o3 /6.03 / 03 0.70
2/4- /<223 //o
308
a
/&3 0.2./
3o<33 /60
30/ /(a.32 / 00
302 J(0.4-4- //o
302 /> / / //6 3/ /./4
3o2 C /3 3 7 /.ft
30£ <3 //o.34 / 07
302e / lt>. tv£
302 f /<e3~2
302
<f
/(0.34 I.OZ
3o2/} /0.22
302 / /6 44- 0.62
301j 2 .9/
So/ /62S /.07 /.2.0
soz /&.n / oZ 0.3 7
So
3
// *\ // 6? O f / /"I Ql/. O O 0.3Q
304 78 OOO
30s 6 2/
Soo /3'83 763
S07 /3./Q /as 0.4-2
j>~oe /4,Z0 /O/
/b.32 /.OS
/6 76 /04 O.Z9
3/3 //o. 47 / 0/ / //
/<3-7C 0-9Q f.$S
3'S 0.90 3.36
V
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CONCLUSIONS.
From the results obtained in this investigation of the
proteids of beef, the following conclusions have been reached:-
(1) The flesh of animals as ordinarily used is dis-
tinctly acid, both to litimus and to phenolphthalein.
(2) The proteids themselves contribute a portion of the
acidity of flesh and they can combine with a certain definite
amount of alkali.
(3) During all heat coagulations, there is an increase
of acidity.
(4) There are no well defined temperatures at which the
proteids of water extracts of flesh coagulate.
(5) To completely remove all of the proteid which will
coagulate at a certain definite temperature requires long appli-
cation of heat.
(6) 3y reducing the acidity of the water extracts, the
coagula are precipitated in better form and their filtration is
facilitated.
(7) This partial neutralization always causes precipi-
tation of proteid,
(3) After the complete removal of the proteid coagulat-
ing at any given temperature, an increase in temperature of only
2° or 3° for a comparatively short time=-20 to 30 minutes--wlll
cause an additional coagulum to form.
(9) If, after precipitation, the coagula are washed with
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hot water, then with alcohol and finally with ether, the final
product is a loose flocculent powder.
(10) The nitrogen content of the different fractional
coagula of aqueous and saline extracts of flesh is remarkably con-
stant.
(11) In the sulphur and ash content of the proteids
there is a wider range than in the case of nitrogen.
(12) The partial neutralization of aqueous extracts has
a marked effect on the fractional coagula separating from the ex-
tracts on heating them. Extracts which were heated without re-
ducing their acidity always gave turbid solutions which filtered
only very slowly, 12 hours or more being required to filter and
wash them.
(lo) The best conditions for the most complete removal
by heat of the proteids of water extracts of muscle, are reached
when the acidity of the solution has been reduced about one fourth.
(14) The more nearly the extract is neutralized, the
greater is the amount of peptones and albumones formed upon heating.
(15) Meat residues from the aqueous extraction of flesh
are partially soluble in saline solutions, about 15$ of the dry
substance of the meat residue being dissolved by a 10$. (1IH )oS044
solution.
(16) A proteld separates out in a flocculent form from
an (IIH
4) 2
S0
4
extract, upon allowing it to stand over night, and
the solution, which, before the precipitate settled out, could not
be filtered through paper, became clear and could readily be fil-
tered.
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(17) The proteids of (1IH ) SO extracts , like those of
4 2 4
aqueous extracts have no well defined coagulation temperatures.
(IS) Comparatively more of the proteids of \?ater ex-
tracts coagulates at low temperatures, (50° to 60°), than in the
case of (KH ) SO. extracts.
4 2 4
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